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The IABSE Conference Guimarães 2019 will be held on March 27‐29, 2019, in
Guimarães, Portugal.
This Conference is organised by the Portuguese Group of IABSE (Associação
Portuguesa de Engenharia de Estruturas ‐ APEE) in cooperation with the
Institute for Sustainability and Innovation in Structural Engineering (ISISE),
and the University of Minho, Portugal. The Organising Committee is co‐
chaired by Paulo B. Lourenço and José Campos e Matos and the Scientific
Committee is chaired by Luis Oliveira‐Santos. Participants wishing to present
a paper are invited to submit their abstract related to the conference Themes
and Topics.
Themes and Topics:

IIFC has a new email address:

IIFC@IIFC.ORG
and a new website:
WWW.IIFC.ORG

1. Novel Management Tools for the Built Environment
2. Lifecycle Quality Control of New and Existing Infrastructures
3. Advanced Frameworks for a Sustainable Built Environment
4. Risk Analysis Procedures, from Theory to Practice
5. Future Trends in Structural Engineering
Preliminary Invitation and Submission of Abstracts:
www.iabse.org/guimaraes2019. Contact: secretariat@iabse2019.org

REPORT FROM

by Chair Qing-Rui Yue and Co-chair Guijun Xian, APFIS 2017, July 2017, Singapore
General
The 6th Asia-Pacific Conference on FRP in
Structures
(APFIS2017),
an
official
IIFC
(International Institute for FRP in Construction)
conference, was held on July 19-21, 2017, ShangriLa Hotel, Singapore.
The conference was organized by the FRP
Application Committee of Chinese Civil Engineering
Society (CCES) and the MCC LAND (Singapore) Pte
Ltd of the Metallurgical Corporation of China. The
CCES is one of the most influential academic
organizations on FRPs in construction in China.

The aim of the FRP Application Committee of CCES
is to promote the application and development of
FRPs in construction, to advance the research and
application techniques, to organize national academic
conferences and to provide technical consultation.
Since it was founded, the committee has already
organized nine national conferences on FRP in
construction. MCC Singapore, a branch of the
Central Research Institute of Building and
Construction (MCC Group), is a successful
construction corporation in Singapore and has
received good appreciation for all its endeavors.

Registration

The conference attracted around 160 participants
from 23 countries and the conference programme
comprised about 158 presentations.
On behalf of the Organizing Committee, we would
like to once again thank all authors for their careful
preparation of manuscripts, all Keynote and Invited
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Speakers for sharing their work and insight at the
conference, and all special session organizers for
mobilization researchers in their specialized areas to
attend this conference. We would also like to thank
the IIFC who organized the selection of papers for
the IIFC Best Paper Awards.
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Opening Ceremony
The opening ceremony was held in the morning of 19
July 2017, presided by Prof. Guijun Xian. Prof. QingRui Yue, Chairman of the FRP Application
Committee (China Civil Engineering Society), and
the President of the Central Research Institute of
Building and Construction, MCC group delivered

welcome speeches to the participants. In addition,
Mr. Zhi-Yong Tan, the President of the MCC LAND
(Singapore) Pte Ltd of the Metallurgical Corporation
of China, and Prof. Jian-fei Chen, the President of
IIFC also gave the opening speeches.

Welcome speech by Conference Chair – Prof. Qing‐Rui Yue

Opening Address by Mr. Zhi‐Yong Tan

Opening Address by the president of IIFC – Prof. Jian-Fei Chen

Conference Room for Plenary Sessions

Technical Programme
The technical programme consisted of keynote
lectures and special sessions in addition to
presentations arising from free submissions. Five
keynote presentations by world‐leading experts in
the field were given. The keynote speakers were from
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different continents of the world and
presentations covered a wide range of topics.

their

The five keynote presentations, in the order of
presentation at the conference, are as follows:
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Prof. Urs Meier, Swiss Federal Laboratories for Materials Science and Technology, EMPA, Switzerland,

Topic: Carbon Fiber Reinforced Polymer Tendons: Quo Vadis?


Prof. Hui Li, Harbin Institute of Technology, China

Topic: Long-Term Service Performances of FRP composites: Understanding & Improvement


Prof. Vistasp M. Karbhari, University of Texas at Arlington, USA

Topic: FRP Composites & Structures - Myth, Mystery and the Future


Prof. Jin-Guang Teng, The Hong Kong Polytechnic University, Hong Kong, China

Topic: Innovation Hybrid Structures Enabled by FRP Composites


Prof. Monssef Drissi-Habti, PRES LUNAM, IFSTTAR, France

Topic: Smart Composites for Infrastructures and Offshore Wind-Generation

Prof. Urs Meier

Prof. Vistasp M. Karbhari

Prof. Hui Li

Prof. Jin-Guang Teng

Prof. Monssef Drissi-Habti
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In addition to the above keynote presentations, 28
sessions for both special sessions and free
submissions covering the following topics were held:
bond behaviour, confinement, strengthening of
structures with FRP composites, fibre reinforced
cementitious matrix (FRCM) for strengthening and

new construction, FRP composites in new
construction, performance under seismic and severe
loadings, performance in severe environments, and
field applications. Very fruitful exchanges and
discussions occurred during Q&A sessions, coffee
breaks and lunch breaks.

Conference room

Q & A session

Best Paper Awards
Two Best Paper Awards were given at APFIS 2017.
Selected from a total of around 160 papers, the
following papers were honoured at APFIS 2017. The
certificates were conferred by Prof. Jian-Fei Chen,
the president of IIFC:
* Scott T. Smith, Hayder A. Raseed and Seo Jin Kim,
Moment-curvature based modelling of FRPStrengthened RC Members anchored with FRP
Anchors.
* Jin-Guang Teng, Bing Zhang, Shishun Zhang and
Bing Fu, Steel-Free Hybrid Reinforcing Bars for
Concrete Structures.
IIFC meetings
During the conference, IIFC also held its general
meeting to discuss the coming CICE to be held in
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Q & A session

Banquet

Coffee break

Paris, 2018. In addition, the Council meeting as well
as the combined Advisory Committee and Executive
Committee meeting were held during the conference.
Closing Ceremony and Awards
Prof. Raafat El-Hacha chaired the closing ceremony.
Prof. Jian-Fei Chen presented the best paper award
certificates to the Award Winners.
Through nomination and election in the FRP
Application Committee of CCES (Chinese Civil
Engineering Society), the Outstanding Young
Scholar Award of FRPs in Construction, and the
Application Promotion Award for FRPs in
Construction were announced by Prof. Jin-Guang
Teng. The certificates were conferred to the winners,
Prof. Guang-Ming Chen and Dr. Han-Ting Wang, by
the President of CCES, Prof. Qing-Rui Yue and Vice
President of CCES, Prof. Peng Feng.
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At the end of the closing ceremony, the Chair and
Co-Chair of the local Organizing Committee were
each presented by the IIFC president with a

Prof. Raafat El-Hacha chaired the
closing ceremony

certificate of appreciation from IIFC for their work
for APFIS 2017.

Presentation of certificate to IIFC Best Paper Award Winners

Certificates of appreciation from IIFC for the organization of APFIS 2017

Acknowledgement
To conclude this report, we would like to thank many
people for their contributions to the organization of
APFIS2017; in particular, we are indebted to all
members of the International Organizing Committee
and International Scientific Committee, Prof. Rong

Li and Ms Yu-Jue Wang of the MCC, and the large
number of student helpers from Harbin Institute of
Technology for their dedicated team work to make
the conference a success.

The local team behind APFIS 2017
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International Symposium for Emerging Researchers in Composites for
Infrastructure (ISERCI) and
International Summer School on Composites in Infrastructure (ISSCI)
by Chair of the organizing committee Dr. Tao Yu, University of Wollongong, Australia, July 2017
The International Symposium for Emerging
Researchers in Composites for Infrastructure
(ISERCI) (10-11 July 2017) and the International
Summer School on Composites in Infrastructure
(ISSCI) (12-14 July 2017) were hosted by the
International Centre for Composites in Infrastructure
(ICCI) at the University of Wollongong. The two
events were sponsored by the ARC Industrial

Transformation Research Hub for Nanoscience based
Construction Material Manufacturing, Engineers
Australia and the International Institute for FRP in
Construction (IIFC). The two events attracted a total
of over 70 attendees from six countries, including
academics, research students and industry
practitioners.

Group photo

Conference room

Banquet

Registration

The ISERCI symposium, aiming to provide an
international forum for upcoming researchers and
practitioners and rising stars in the area to share their
recent advances in both research and practice,
included a two-day program with over 40
presentations. The topics covered by the
presentations at the ISERCI symposium included
strengthening of existing structures using composite
materials, novel high-performance structures
incorporating composite materials, new composite
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materials for infrastructure, impact and blast behavior
of composite-enabled structures, design standards
and industry practice. The ISSCI summer school,
which was the second of its series, included a threeday teaching program. It provided a comprehensive
and thorough treatment of the behaviour, modelling
and design of structures incorporating FRP
composites (including both FRP-strengthened
structures and FRP-based new structures), with a
strong emphasis on their fundamental mechanics.
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ISCIR 2017 – 1st International Symposium on Construction Innovation
Research
by Chair of the symposium Dr. Thanongsak Imjai, Rajamangala, University of Technology Tawan-Ok,
Thailand, September 2017
The 1st International Symposium on Construction
Innovation Research (ISCIR 2017) took place on 10
September 2017 at Asia Hotel, Bangkok, hosted by
Dr. Thanongsak Imjai. The successful conference
was attended by almost 200 participants from
Thailand and overseas.
Organised by the Faculty of Engineering and
Architecture of Rajamangala University of

Technology Tawan-Ok, the symposium aimed at
presenting the latest advancements in innovative
seismic strengthening systems for concrete structures
using advanced composite materials. The symposium
also served as a platform for practising engineers,
asset managers, researchers and stakeholders to
exchange ideas and discuss on challenges topics
within the construction industry.

Group photo

Five keynote lectures were delivered by Dr.
Thanongsak Imjai (Rajamangala University of
Technology Tawan-Ok), Dr. Reyes Garcia (The
University of Sheffield), Dr. Withit Pansuk
(Chulalongkorn University), Dr. Kittipoom Rodsin
(King Mongkut's University of Technology
Thonburi), and Dr. Nonthachart Kulprapha
(Rajamangala University of Technology Tawan-Ok).
Practical applications and case studies were also
presented by industrial sponsors.
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Additionally, general discussions followed the
presentations to engage all participants and address
the current state of the composites industry in
Thailand, as well as future directions.
More information on the conference can be found at:
https://goo.gl/oUkxBA.
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The following paper was awarded Best Paper for research on FRP in new construction at the APFIS
2017 conference held in Singapore in July 2017.

STEEL-FREE HYBRID REINFORCING BARS FOR CONCRETE STRUCTURES
Jin-Guang Teng1*, Bing Zhang1,2, Shi-Shun Zhang3, Bing Fu4
1. Department of Civil and Environmental Engineering, The Hong Kong Polytechnic University, Hong Kong, China,
*Email: cejgteng@polyu.edu.hk
2. College of Civil Engineering, Nanjing Tech University, Nanjing 211816, China
3. School of Civil, Mining and Environmental Engineering, University of Wollongong, Wollongong, NSW 2522, Australia
4. School of Civil and Transportation Engineering, Guangdong University of Technology, Guangzhou 510643, China

Abstract: Extensive research has been conducted on the replacement of steel rebars with FRP rebars to eliminate
the steel corrosion problem in conventional steel bar-reinforced concrete structures. However, as the performance
of FRP rebars is substantially inferior in compression (due to issues such as fibre microbuckling) than in tension,
their use in concrete columns is generally not recommended, which poses a significant challenge when a steel-free
structure is needed. This paper presents the novel steel-free hybrid rebar developed at the Hong Kong Polytechnic
University that overcomes the above-mentioned problem: such a hybrid rebar typically consist of a central FRP
rebar, a thin external FRP confining tube and an annular layer of high strength cementitious material such as ultrahigh performance concrete. To demonstrate the performance of these hybrid rebars, results from a series of
preliminary tests and associated modelling work are presented in the paper. These results indicate that: (1) the FRP
rebar at the centre is well supported against bar buckling and fibre micro-buckling; (2) the compressive strength of
the FRP material can be fully mobilized; (3) the stress-strain response of hybrid rebars can be designed to resemble
an elastic-plastic response with some post-yielding hardening.
Keywords: FRP, Steel-free rebar, Hybrid rebar, Ultra-high performance concrete, Confinement
1. INTRODUCTION
Deterioration of existing civil infrastructure due to
steel corrosion has been a major issue around the
world. Steel-reinforced concrete (steel-RC) structures
are the major type of structures suffering severe
corrosion, particularly when they are exposed to
marine and other aggressive environments. Over the
past two decades, the use of fibre-reinforced polymer
(FRP) reinforcing bars (rebars), which possess
excellent corrosion resistance, to replace steel rebars
to eliminate the steel corrosion problem in steel RC
structures has become widely accepted as an
attractive solution. However, the use of FRP rebars as
longitudinal reinforcement in concrete columns has
been rather rare due to their much less favourable
performance in compression. ACI [1] does not
recommend the use of FRP rebars as compression
reinforcement, while AASHTO [2] and CSA [3]
recommend that the contribution from compressive
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FRP reinforcement be simply ignored in calculating
the member capacity. The lack of acceptance of FRP
rebars as compressive reinforcement are due to a
number of significant concerns [4-7]: (1) fibre microbuckling is likely to occur in FRP rebars under
compression, and as a result, their compressive
strength is known to be much lower than their tensile
strength and cyclic loading may lead to significant
damage; (2) FRP rebars can buckle easily due to a
high strength-to-modulus ratio unless very well
supported by stirrups or the surrounding concrete; (3)
even if these two problems do not occur, the
compressive strength of FRP rebars can only be
partially utilized in FRP-RC columns due to the
much smaller strain of concrete at compressive
failure than the ultimate compressive strain of FRP
rebars.
In order to tackle the problems mentioned above, a
novel steel-free hybrid rebar is proposed here (Fig.
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1): such a hybrid rebar typically consists of a central
FRP rebar (normally manufactured by pultrusion
with all fibres aligned in the longitudinal direction for
the resistance of axial stresses), a thin external FRP
confining tube (normally prefabricated by filament
winding with suitable fibre orientations to provide
desired levels of stiffness and resistance in both the
hoop and the axial directions) and an thin annular
layer of high-strength cementitious material such as
ultra-high performance concrete (UHPC) without
coarse aggregate or with coarse aggregate of
sufficiently small size. The outer surface of the FRP
tube should be provided with appropriate surface
features to enhance its bond behaviour in concrete. In
addition to the elimination of steel corrosion in
conventional steel-RC structures, these hybrid rebars
are particularly useful in situations where the use of
steel reinforcement must be avoided, including
seawater sea-sand concrete structures [8-10] and
hospital rooms housing magnetic resonance
imagining (MRI) facilities. To demonstrate the
performance of these hybrid rebars, a series of

Figure 1. Cross section of hybrid rebars.

One pair of the test specimens did not have a CFRP
jacket to serve as the control specimens. The nominal
thicknesses of the other CFRP jackets were 0.165
mm (1 ply) and 0.33 mm (2 plies) respectively. The
FRP jacket had fibres oriented in the hoop direction
with an overlapping zone spanning a circumferential
length of 50 mm. The GFRP rebar had a diameter of
24.1 mm. The outer surface of the FRP tube did not
have bond-enhancing features as they have little
effect on the axial compressive behaviour of hybrid
rebars. For GFRP bars used in the present study
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preliminary tests is presented in the remainder of the
paper. The tests are described in more detail
elsewhere [11].
2. EXPERIMENTAL STUDY
In the preliminary experimental study, 6 hybrid bar
specimens in three pairs were prepared and tested,
with each pair having normally the same properties.
These specimens all had a diameter (the inner
diameter of the external FRP tube) of 50 mm and a
height of 150 mm. For ease of implementing these
tests without compromising their usefulness for the
intended purpose of performance demonstration, the
test specimens were made as follows: the external
FRP tube was replaced by a CFRP jacket which was
wrapped on a cured high strength cement mortar bar
reinforced with a central GFRP rebar. The fibres in
the GFRP rebar were oriented in the longitudinal
direction as usual to resist axial stresses while the
fibres in the CFRP tube (jacket) were oriented in the
hoop direction to provide confinement.

Figure 2. Experimental setup.

under tension, the tensile strength, elastic modulus
and ultimate tensile strain were 698 MPa, 46.2 GPa,
and 1.59%, respectively, which were obtained by the
bar manufacturer following ASTM D7205/7205M06. The compressive strength of the high-strength
cement mortar was 74.3 MPa from five 50 mm cube
tests conducted according to ASTM C109/C109M13. Two 50 mm × 150 mm circular cylinders made
purely of the same cement mortar were also tested
under axial compression, and the average
compressive strength and elastic modulus were 61.9
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MPa and 33.2 GPa, respectively. For the external
CFRP jacket, the tensile strength, elastic modulus and
ultimate strain obtained from flat coupon tests
conducted following ASTM D7565-10 were 2340
MPa, 234 GPa, and 1.0%, respectively.
Two LVDTs at diametrically opposite positions and
strain gauges were used to obtain the total axial
shortenings or strains, and only data from the former
are used in this paper. Four strain gauges with a
gauge length of 10mm were also installed at the mid
height of the specimen (90 degrees apart from each
other) to record hoop strains of the CFRP jacket. All
compression tests were carried out using an MTS
machine with a displacement control rate of 0.09
mm/min. The axial load was applied on both the
pultruded GFRP bar and the cement mortar
simultaneously (Fig. 2).
3. TEST RESULTS AND DISCUSSIONS
The typical failed specimens are shown in Fig. 3.
The axial load-axial strain (from LVDTs) curves of
all specimens are shown in Fig. 4. Here, compressive

Figure 3. Typical specimens after failure.

Fig. 4 also shows a comparison between
experimental results and predictions for the axial
load-axial strain curves of specimens F1B-1,2 and
F2B-1,2. In making the predictions, Jiang and Teng’s
[12] model, which can provide close predictions for
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loads, stresses, and strains are taken to be positive.
For specimens F0B-1,2 (i.e., control specimens with
no CFRP jacket), the cement mortar formed small
vertical cracks at an axial strain of around 0.3%,
where an axial load drop occurred; afterwards, the
axial load recovered and increased monotonically
until the crushing of cement mortar and fibre microbuckling of GFRP bar near one end of the specimen
(Fig. 3a). For specimens F1B-1,2 (i.e., specimens
with a 1-ply CFRP jacket) and F2B-1,2 (i.e., with a
2-ply CFRP jacket), their loads increased
monotonically until final failure, which was caused
by the rupture of CFRP jacket (Fig. 3b). It is believed
that the cement mortar unloaded suddenly at CFRP
jacket rupture, which caused the load on the GFRP
bar to increase rapidly, resulting in the local shear
failure at one end of the GFRP bar. Local bar
buckling or fibre micro-buckling could not be
identified in the failed specimens, indicating that the
central GFRP bar was well confined/supported by the
cement mortar under FRP confinement.

Figure 4. Axial load-axial strain curves.

both normal-strength concrete and high-strength
concrete confined by FRP, was directly used to
predict the behaviour of confined cement mortar in
hybrid rebars; the behaviour of the central GFRP bar
was taken to be the same as that under tension. The

11

predicted curves end at a point when the hoop rupture
strain of the CFRP jacket in the axial compression
tests of hybrid rebars is reached. Fig. 4 shows that the
predictions agree closely with the test results and the
axial load-strain curves show a strong hardening
response after “yielding” due to the high level of
confinement.
Fig. 5 examines the axial load contribution of GFRP
bar in hybrid rebars. The axial load resisted by the
cement mortar in a hybrid rebar was obtained as the
product of its annular section area and the axial stress
predicted using Jiang and Teng’s [12] model. The
axial load resisted by the GFRP bar in a hybrid rebar
was obtained as the difference between the total axial
load acting on the hybrid rebar and the predicted

Figure 5. GFRP bar contribution in hybrid rebars.

Fig. 6 shows stress-strain curves of hybrid rebars of
various combinations of the three constituent
materials (i.e., the central FRP rebar, the external
FRP tube, and UHPC in between) predicted using
Jiang and Teng’s model [12]. According to
Zohrevand and Mirmiran [13], Jiang and Teng’s [12]
model should be able to provide reasonable
approximations of the behaviour of FRP-confined
UHPC. It is very interesting to observe that the
stress-strain response of hybrid rebars can be
designed to suit the needs of a specific application
(e.g. to exhibit an elastic-plastic response like that of
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axial load taken by the cement mortar. The axial load
resisted by the GFRP bar in tension was obtained as
the product of its sectional area, its tensile elastic
modulus from the manufacturer, and its tensile strain
whose maximum value was taken to be that given by
the manufacturer. Fig. 5 shows that at the same axial
strain value, the load resisted by the GFRP bar in a
hybrid rebar under axial compression is very similar
to that resisted by the GFRP bar in tension. The
GFRP bar in a hybrid rebar under compression is
seen to achieve a larger ultimate strain than that
under tension, probably due to the confinement
provided by FRP-confined cement mortar. The above
comparison indicates that the compressive behaviour
of the FRP bar in a hybrid rebar can be expected to
be similar to its tensile behaviour.

Figure 6. Predicted stress-strain responses of hybrid rebars.

steel or a strong post-yielding strain-hardening
response).
4. CONCLUSIONS
This paper has presented a new form of steel-free
rebars for use as compression reinforcement in
concrete structures to eliminate the steel corrosion
problem or to avoid interference caused by steel to
magnetic resonance imaging (MRI) in hospitals and
other facilities with a similar requirement. These
rebars, referred to as hybrid rebars, consist of a
central FRP rebar, a thin external FRP confining tube
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and an annular layer of high-strength cementitious
material such as UHPC. Results from some
preliminary tests and associated modelling work
presented in the paper indicate that they have
excellent performance under compression: (1) as the
FRP rebar at the centre is well supported by the
cementitious material, FRP rebar buckling and fiber
micro-buckling are both prevented; (2) the
compressive strength of the FRP rebar can be fully
mobilized; (3) the stress-strain response of hybrid
rebars can be designed to meet pre-set requirements
(e.g. to exhibit an elastic-plastic response like that of
steel or a strong post-yielding strain-hardening
response). It is worth noting that in seawater seasand
concrete (SSC) structures [8,9], steel needs to be
completely eliminated, so steel-free compressive
rebars are an essential component, and therefore the
proposed hybrid rebars are very promising in SSC
structures as well.
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The following is an extended abstract of the PhD thesis completed by Dr. Tian-Qiao Liu at the University of
Pittsburgh.

STABILITY BEHAVIOUR OF PULTRUDED GLASS-FIBER REINFORCED POLYMER ISECTIONS SUBJECT TO FLEXURE
Tian-Qiao Liu
Post-doctoral Researcher, Department of Civil and Environmental Engineering, University of Pittsburgh,
Pittsburgh, USA. liutianqiao@pitt.edu
Dissertation Director: Kent A. Harries, PhD, Bicentennial Board of Visitors Faculty Fellow and Associate
Professor, Department of Civil and Environmental Engineering, University of Pittsburgh
Abstract: In this work, the stability behavior of pultruded glass fiber reinforced polymer (pGFRP) I-sections
subject to flexure was addressed. An extensive review of stability behaviors of pGFRP members, including: flange
local buckling (FLB), global lateral torsional buckling (LTB) and interaction between local and global buckling
(interactive buckling) behaviors, was carried out. Two experimental programs were conducted: 62 four-point
bending tests to investigate FLB behavior and 86 three-point bending tests to investigate LTB behavior. Interactive
buckling behavior was observed in both series of tests and was shown to be quite prevalent in results from the LTB
tests. Analytical studies were presented and non-empirical design formulas derived using energy methods were
proposed with respect to the buckling behaviors observed in the experimental program. Excellent agreements were
found between proposed design equations and experimental results. Supporting the experimental work, a series of
material characterization tests were carried out to evaluate the mechanical properties of the pGFRP materials used.
Both standard and nonstandard test methods that can be readily conducted using typically available test equipment
as well as those requiring simple material preparations are recommended.
EXPERIMENTAL PROGRAM
In this work, two experimental programs were
conducted: 62 four-point bending tests to investigate
FLB behavior (Figure 1) and 86 three-point bending
tests to investigate LTB behavior (Figure 2). All Ishaped specimens had a depth d = 152 mm (6 in.) and
flange and web thicknesses t = 6.4 mm (0.25 in.). The
specimen flange width, b, was cut to affect different
flange (b/2t) and member slenderness (Lb/ry) ratios.
Test specimens are denoted as FLBa or LTBa (a = 6,
5, 4, 3 and 2, indicating the flange width in inches
and 152, 125, 100, 75 and 50 in mm). Interactive
buckling behavior was observed in both series of
tests and was shown to be quite prevalent in results
from the LTB tests (Figure 3). Figure 4 summarizes
the observed experimental behaviors based on flange
(b/2t) and beam (Lb/ry) slenderness ratios. The
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marked differentiation between LTB and interaction
behavior apparently demarked by b/2t less than or
greater than 8 is clear. LTB was mitigated in most
FLB tests so no direct conclusion can be made
regarding Lb/ry, however specimens as short as Lb/ry
= 42 demonstrated some interaction effects.
Experimental results were compared with existing
design guides (ASCE 2010 and EUR 27666 2016)
and analytical solutions (Sapkás and Kollár 2002,
Kollár 2003, and finite strip analysis). Uniform
under-predictions were found for FLB behavior of
the I-sections considered (Figure 5). LTB predictions
tended to overestimate the experimentally obtained
data except in cases with very small flange
slenderness (LTB2, having b/2t = 4) where little
interaction with FLB is expected (Figure 6). The
results, in both cases, exhibit the need of new design
formulas with improved accuracy.
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a) Buckling in constant moment region showing 3 half
sine buckles over the 800 mm constant moment region

b) Flange strain showing buckling at a load P of 13 kN

Figure 1.Flange local buckling (FLB5 over 2600 mm span).

a) Lateral torsional buckling of pGFRP
I-section

b) Lateral displacement at mid-span showing buckling at a
load P of 2.65 kN

Figure 2.Lateral torsional buckling (LTB3 over 2896 mm span).

Figure 3.Interaction between local and global buckling (LTB6 under span of 2896 mm). Beam is deflecting away from
camera (LTB) and FLB of top flange is evident.
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Figure 4.Nature of observed buckling failures.

Figure 5.Average critical FLB moments vs flange slenderness ratios.

a) LTB6

b) LTB5

c) LTB4

d) LTB3

e) LTB2
Figure 6.Critical LTB moments versus longitudinal slenderness ratio.
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ANALYTICAL STUDY
Analytical studies were presented and non-empirical
design formulas derived using energy methods were
proposed with respect to the buckling behaviors
observed in the experimental program, including
FLB, LTB and interactive buckling design equations.
First, a good agreement was found between the
proposed FLB equation and experimental results
(Figure 4). The absolute differences between FLB
equation and finite strip method were less than 5%
for sections FLB6, FLB5 and FLB4 which were
observed to be dominated by FLB behavior.
Additionally, the proposed FLB equation shows
improved accuracy over existing code-like equations
as well as the “exact” solutions by Kollár (2003).
Second, the proposed LTB equation was found to
have a good agreement with experimental results for
section LTB2 which has the smallest flange
slenderness ratio, b/2t = 4, and was, therefore,
observed to be dominated by LTB behavior. The
absolute differences between LTB equation and finite
strip method were less than 11% for all sections that
were considered. Finally, the proposed interactive
buckling equation was found to capture the moment
reduction due to the interaction between local and
global buckling, showing an improvement over the
LTB equation. The effect of interaction increases as
the longitudinal slenderness (Lb/ry) decreases and the
flange slenderness (b/2t) increases. Additionally, it is
worth noting that the interactive buckling behavior of
pGFRP I-sections were also investigated by Barbero

and Raftoyiannis (1994) and Davalos and Qiao
(1997). However, in these previous studies, the
lateral bending of the two flanges (bending as beams)
is neglected; in this work, the lateral bending of the
flanges is considered, providing an improved
prediction of interactive buckling moment.
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IIFC on LinkedIn
The IIFC Executive Committee from now will maintain an active LinkedIn page
http://www.linkedin.com/company/iifc, posting relevant information such as events,
conferences, webinars, newsletters, awards and relevant projects, both from the academia and
the industry. All readers are invited to follow the IIFC LinkedIn page.
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Upcoming Events

The 9th International Conference on FibreReinforced Polymer (FRP) Composites in Civil
Engineering (CICE 2018) will be held in Paris,
France on 17-19 July 2018. Since its launch in 2001
in Hong Kong, the CICE conference series has
travelled to Adelaide (2004), Miami (2006), Zurich
(2008), Beijing (2010), Rome (2012), Vancouver
(2014) and Hong Kong (2016).
The conference is the official conference series of the
International Institute for FRP in Construction
(IIFC).The conference will be jointly hosted by the
French institute of science and technology for
transport, development and transport (IFSTTAR),

Ecole des Ponts ParisTech and the University Claude
Bernard LYON 1. Following the well-established
tradition of the series, CICE 2018 will aims to
provide an international forum where engineers,
researchers, and practitioners in the field of FRP
composites in civil engineering can exchange and
share recent advances and future perspectives.
The structural use of FRP composites in civil
engineering has increased tremendously over the past
two decades, primarily for the strengthening of
existing structures but also increasingly for the
construction of new structures. Papers are invited in
several areas of FRP composites in civil engineering
including but not limited to:

• Materials and products, new fibers, natural fibers, innovative polymers and processes
• Eco-composite & bio-sourced composite materials
• FRC and cement composite materials
• Bond behavior
• Durability, long-term performances
• Fire, impact and blast loading
• Strengthening of concrete, steel, masonry structures
• Seismic retrofit of structures
• Concrete-filled FRP tubular members
• Concrete structures reinforced or pre-stressed with FRP
• Hybrid structures of FRP and other materials
• All FRP structures
• Smart FRP structures
• Inspection and quality assurance
• Life-cycle performance and practical applications
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IIFC Webinar Update
Since January 2015 IIFC provide webinar for free,
from now 15 webinars have been proposed on FRP
for construction. Webinar are available online the day
of presentation and then on IIFC Youtube chanel.
The Youtube chanel have 93 subscribers and all
webinar have been view more than 5500 times from
all over the world.

https://www.youtube.com/channel/UCYmC‐
3GUIad2P1GdKkZVwkg

In September IIFC proposed a webinar on Prestress
FRP proposed by Rafaat El-Hacha from Calgary
University.

For more information: Ferrier Emmanuel,
emmanuel.ferrier@univ-lyon1.fr

Disseminate this information to promote the IIFC
online webinars.

Thanks to all the participants.

FRP International • Vol. 14 No. 3

19

ASCE Journal of Composites
for Construction

Experimental Investigation of Circular High‐Strength
Concrete Columns Reinforced with Glass Fiber‐
Reinforced Polymer Bars and Helices under Different
Loading Conditions
Muhammad N. S. Hadi, Hayder Alaa Hasan and M. Neaz
Sheikh
______________

The American Society of Civil Engineers (ASCE) Journal of
Composites for Construction (JCC) is published with the
support of IIFC. As a service to IIFC members and through
an agreement with ASCE, FRP International provides an
index of ASCE JCC. The ASCE JCC may be found at the
following website:
http://ascelibrary.org/cco/
ASCE JCC subscribers and those with institutional access
are able to obtain full text versions of all papers. Preview
articles are also available at this site. Papers may be
submitted to ASCE JCC through the following link:
http://www.editorialmanager.com/jrncceng/
Volume 21, Issue 4. August 2017.
Fatigue Strengthening of Metallic Structures with a
Thermally Activated Shape Memory Alloy Fiber‐
Reinforced Polymer Patch
B. Zheng and M. Dawood
______________

Bond Study on CFRP Rod Panels Externally Adhered to
Concrete
A. Jawdhari, A. Peiris and I. Harik
____________

Concrete Prisms and Cylinders Wrapped by FRP Loaded
in Compression with Small Eccentricities
Ricardo Carrazedo and João Bento de Hanai
___________

Experimental Investigation of the Efficacy of EBROG
Method in Seismic Rehabilitation of Deficient Reinforced
Concrete Beam–Column Joints Using CFRP Sheets
Davood Mostofinejad and Alireza Akhlaghi

Seismic Performance of Precast Posttensioned Segmental
FRP‐Confined and Unconfined Crumb Rubber Concrete
Columns
Reza Hassanli, Osama Youssf and Julie E. Mills
______________

Experimental and Numerical Evaluation of the Shear
Behavior of Reinforced Concrete T‐Beams with Hybrid
Steel‐FRP Stirrups
Mohamed F. M. Fahmy, Zainab E. Abd‐ElShafy and
Zhishen Wu
______________

Performance
of
Postcured
CFRP–Strengthened
Reinforced Concrete Beams at Elevated Temperatures
G. W. R. Shier and M. F. Green
______________

Axial Performance of Jointed Sandwich Wall Panels
Hassan Abdolpour, Gonçalo Escusa, José M. Sena‐Cruz,
Isabel B. Valente and Joaquim A. O. Barros
______________

Effects of Surface Preparation Method on FRP‐Concrete
Bond Strength under Alkaline Conditions
Mahdie Mohammadi, Davood Mostofinejad and Majid
Barghian
______________

Strengthening by Stiffening: Fiber‐Reinforced Plastic
Configuration Effects on Behavior of Shear‐Deficient
Steel Beams
Tuna Ulger and Ayman M. Okeil
_____________

Shear‐Bond Behavior of the Interface between FRP
Profiles and Concrete by the Double‐Lap Push Shear
Method
Pu Zhang, Huana Liu, Danying Gao, Jun Zhao, Hu Feng
and Guobin Tang
______________

______________

Experimental and Analytical Responses of Hollow and
Concrete‐Filled GFRP Tube Columns under Impact
Jun Wang, Hota GangaRao, Ruifeng Liang, Weiqing Liu

_____________

Effect of Load Path on Behavior of FRP‐Confined
Concrete
Yu‐Fei Wu and Yu‐Gui Cao

Lap Splice in GFRP‐RC Rectangular Columns Subjected to
Cyclic‐Reversed Loads
Syed Naqvi and Ehab El‐Salakawy
Effect of Prestressing Level on the Time‐Dependent
Behavior of GFRP Prestressed Concrete Beams
Mohamed Zawam, Khaled Soudki and Jeffrey S. West

_____________

Seismic Resistance of Circular Columns Reinforced with
Steel and GFRP
Arsalan Tavassoli and Shamim A. Sheikh

____________

Three‐Dimensional Finite‐Element Analysis of FRP‐
Confined Circular Concrete Columns under Eccentric
Loading
G. Lin and J. G. Teng
______________

Mechanical Performance of Pultruded FRP Plates in
Beam‐to‐Beam Connections
Francesca Feroldi and Salvatore Russo
______________

______________

______________

Development of Closed‐Form Equations for Estimating
the Elastic Local Buckling Capacity of Pultruded FRP
Structural Shapes
Wael F. Ragheb
_

_____________

Diagonal Shear and Out‐of‐Plane Flexural Strength of
Fabric‐Reinforced Cementitious Matrix–Strengthened
Masonry Walletes
S. Lalit Sagar, Vaibhav Singhal, Durgesh C. Rai and
Prashant Gudur
_____________

Impregnated Carbon Fabric–Reinforced Cementitious
Matrix Composite for Rehabilitation of the Finale Emilia
Hospital Roofs: Case Study
Andrea Nobili and Federico O. Falope
_____________
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FRP INTERNATIONAL

the official newsletter of the International Institute for FRP in Construction

FRP International needs your input…
As IIFC grows, we seek to expand the utility and reach of FRP International. The newsletter will continue to report the activities of
IIFC and focus on IIFC‐sponsored conferences and meetings. Nevertheless, we also solicit short articles of all kinds: research or
research‐in‐progress reports and letters, case studies, field applications, book reviews or anything that might interest the IIFC
membership. Articles will generally run about 1000 words and be well‐illustrated. Submissions may be sent directly to the editor.
Additionally, please utilize FRP International as a forum to announce items of interest to the membership. Announcements of
upcoming conferences, innovative research or products and abstracts from newly‐published PhD dissertations are
particularly encouraged. All announcements are duplicated on the IIFC website (www.iifc.org) and all issues of the FRP
International are also available in the archive at this site.
FRP International is yours, the IIFC membership’s forum. The newsletter will only be as useful and interesting as you help to make
it. So, again, please become an FRP International author.
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